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Executive Summary

In 2005, Congress identified a need to account for events that result in exceedances of the National
Ambient Air Quality Standards (NAAQS) that are exceptional in nature® (e.g., not expected to reoccur or
caused by acts of nature beyond man-made controls). In response, EPA promulgated the Exceptional
Events Rule (EER) to address exceptional events in 40 CFR Parts 50 and 51 on March 22, 2007 (72 FR
13560). On May 2, 2011, in an attempt to clarify this rule, EPA released draft guidance documents on the
implementation of the EER to State, tribal and local air agencies for review. The EER allows for states
and tribes to “flag” air quality monitoring data as an exceptional event and exclude those data from use in
determinations with respect to exceedances or violations of the NAAQS, if EPA concurs with the
demonstration submitted by the flagging agency.

Due to the semi-arid nature of parts of the state, Colorado is highly susceptible to windblown dust events.
These events are often captured by various air quality monitoring equipment throughout the state,
sometimes resulting in exceedances or violations of the 24-hour PM;, NAAQS. This document contains
detailed information about the large regional windblown dust event that occurred on April 3, 2011. The
Colorado Department of Public Health and Environment (CDPHE) Air Pollution Control Division
(APCD) has prepared this report for the U.S. Environmental Protection Agency (EPA) to demonstrate that
the elevated PMy, concentrations were caused by a natural event.

On April 3 of 2011, a powerful spring storm system caused multiple exceedances of the twenty-four hour
PMy, standard in southern Colorado. Exceedances were recorded at the Alamosa Municipal Building
monitor with a concentration of 372 pg/m®, the Adams State College (now Adams State University)
monitor in Alamosa with a concentration of 295 pg/m®, and the Lamar Power Plant monitor with a
concentration of 169 pg/m®. These high readings and other PM, concentrations across Colorado are
plotted on the map for April 3, 2011, in Figure 1.

On April 3, 2011, the twenty-four-hour PM,, samples at Lamar Power (169 pg/m®), Alamosa Muni (372
ug/m®), and Alamosa ASC (285 pg/m?) all exceeded the 99™ percentile value for any evaluation criteria
and are the maximum values for all of April 2011 data. The statistical and meteorological data clearly
shows that but for this high wind blowing dust event, Alamosa and Lamar would not have exceeded the
24-hour NAAQS on April 3, 2011. Since at least 2005, there has not been an exceedance that was not
associated with high winds carrying PMy, dust from distant sources in these areas. This is evidence that
the event was associated with a measured concentration in excess of normal historical fluctuations
including background.

The exceedances were the consequence of high winds from an intensifying surface low pressure system
and vigorous cold front. These surface features were associated with a strong upper-level trough that was
moving across the western United States. The prefrontal surface winds were out of a west to
southwesterly direction and moved over dry soils in Arizona, northwest New Mexico, southeast Utah and
southern Colorado producing significant blowing dust. Behind the cold front the winds were northerly
which moved over dry soils in eastern Colorado, consequently also producing significant amounts of
blowing dust. This storm system transported PM, dust into the southern and southeastern portions of
Colorado.

EPA‘s June 2012 draft Guidance on the Preparation of Demonstrations in Support of Requests to Exclude
Ambient Air Quality Data Affected by High Winds under the Exceptional Events Rule states “the EPA

! Section 319 of the Clear Air Act (CAA), as amended by section 6013 of the Safe Accountable Flexible Efficient-
Transportation Equity Act: A Legacy for Users (SAFE-TEA-LU of 2005, required EPA to propose the Federal
Exceptional Events Rule (EER) no later than March 1, 2006.


http://www.epa.gov/ttn/analysis/docs/HWDE_Strategy_final.pdf
http://www.epa.gov/ttn/analysis/docs/HWDE_Strategy_final.pdf

will accept a threshold of a sustained wind of 25 mph for areas in the west provided the agencies support
this as the level at which they expect stable surfaces (i.e., controlled anthropogenic and undisturbed
natural surfaces) to be overwhelmed...”. In addition, in both eastern and western Colorado it has been
shown that wind speeds of 30 mph or greater and gusts of 40 mph or greater can cause blowing dust (see
Appendix A — Grand Junction, Colorado, Blowing Dust Climatology and Appendix B - Lamar, Colorado,
Blowing Dust Climatology at the end of this document). For this blowing dust event, it has been assumed
that sustained winds of 30 mph and higher or wind gusts of 40 mph and higher can cause blowing dust in
northeast Arizona, northwest New Mexico, southeast Utah and southern and eastern Colorado.

The Albuguerque, Flagstaff and Pueblo National Weather Service (NWS) forecast offices issue weather
warnings and advisories for northeast Arizona, most of New Mexico and south-central and southeast
Colorado. The weather warnings and advisories issued by these offices for April 3, 2011, pertaining to
strong winds and blowing dust are presented in Appendix C. Additionally, the CDPHE issued a Blowing
Dust Advisory on the morning of April 3 for southwestern, south-central and southeastern parts of
Colorado, including both Alamosa and Lamar. This advisory can also be found in Appendix C. Warnings
and advisories issued by the NWS and CDPHE show that strong winds and areas of blowing dust were
expected and experienced across this region on April 3.

The blowing dust climatology for Grand Junction (Appendix A) and Lamar (Appendix B) indicates that
the area can be susceptible to blowing dust when winds are high. Landform imagery shows that
northeastern Arizona and southeastern Utah in particular have experienced a long-term pattern of wind
erosion and blowing dust when winds have been southwesterly and blowing into Colorado. Forecast
products from the Navy Aerosol Analysis and Prediction System model provide evidence for a
widespread blowing dust event, suggesting that significant source regions for dust in Colorado were
located in arid regions of Arizona, New Mexico and Colorado. NOAA HYSPLIT forward and backward
trajectories provide clear supporting evidence that dust from arid regions of Arizona, northwest New
Mexico and eastern Colorado caused the PMy, exceedances measured across portions of southern and
southeastern Colorado on April 3, 2011.

The Drought Monitor report for the western United States as of March 29, 2011, (Figure 37) reveals that
drought conditions in the Painted Desert of northeast Arizona were categorized as “Abnormally Dry” to
“Moderate Drought” just a few days before the April 3, 2011, dust event. Severe drought conditions can
also be observed in much of eastern Colorado, the likely source region for the dust transported into Lamar
after the cold front passage. Soils in the Four Corners area of northeast Arizona, northwest New Mexico
and southeast Utah along with the plains of eastern Colorado were dry enough to produce blowing dust
when winds were above the thresholds for blowing dust.

The surface weather associated with the storm system of April 3, 2011, is presented in Figure 2 through
Figure 5; the surface analyses for 11 PM MST April 2, and 5 AM, 11 AM and 5 PM MST April 3,
respectively. The most significant surface feature in the western United States over this time period was a
cold front that initially stretched from South Dakota to central California (Figure 2). This front drifted to
the south and southeast across Colorado and was associated with a strong surface low pressure system.
(Figure 3 through Figure 5). The synoptic weather conditions on April 3 (illustrated in Figure 3 through
Figure 18) show that the conditions necessary for widespread strong gusty winds and transport of blowing
dust were in place over the area of concern.

GASP satellite imagery shows that the desert regions of northeast Arizona and northwest New Mexico
along with the arid plains of eastern Colorado were source regions for the blowing dust on April 3, 2011.
This is consistent with the climatology for many dust storms in Colorado as described in the Grand
Junction, Colorado, Blowing Dust Climatology report contained in Appendix A and the Lamar, Colorado,
Blowing Dust Climatology in Appendix B, both found at the end of this document. The observations of



winds above blowing dust thresholds and restricted visibilities in the areas of concern demonstrate that
this is a natural event that cannot be reasonably controlled or prevented.

Friction velocities provide a measure of the near-surface meteorological conditions necessary to cause
blowing dust. Frictional velocity values were at or above the blowing dust threshold across much of east-
central and southeast Colorado on April 3, 2011. The elevated friction velocities shown in Figure 38 and
Figure 39, the data on soil moisture conditions presented elsewhere in this report and the prevalence of
winds above blowing dust thresholds (all occurring in traditional source regions in northeast Arizona,
northwest New Mexico, southeast Utah, and southern and eastern Colorado) demonstrate that this dust
storm was a natural event that was not reasonably controllable or preventable.

The PMy, exceedances in Alamosa and Lamar on April 3, 2011, would not have occurred if not for the
following: (a) dry soil conditions over northeast Arizona, northwest New Mexico, southeast Utah, and
eastern Colorado with 30-day precipitation totals below the threshold identified as a precondition for
blowing dust in northeastern Arizona; (b) a surface low pressure system and vigorous cold front that were
associated with a strong upper-level trough that caused strong prefrontal surface winds over the area of
concern; and (c) friction velocities over regions of northeast Arizona, northwest New Mexico, southeast
Utah, and southern and eastern Colorado that were high enough to allow entrainment of dust from natural
sources with subsequent transport of the dust to southern Colorado in strong winds.

These PM,, exceedances were due to an exceptional event associated with regional windstorm-caused
emissions from erodible soil sources over Arizona, northwest New Mexico, southeast Utah and southern
Colorado. These sources are not reasonably controllable during a significant windstorm under abnormally
dry or moderate drought conditions.

APCD is requesting concurrence on exclusion of the PM;, values from Alamosa-Adams State
College (08-003-0001), Alamosa-Municipal Building (08-003-0003), and Lamar Power Plant (08-
099-0001) on April 3, 2011.
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1.0 Exceptional Events Rule Requirements

In addition to the technical requirements that are contained within the EER, procedural requirements must
also be met in order for EPA to concur with the flagged air quality monitoring data. This section of the
report lays out the requirements of the EER and discusses how the APCD addressed those requirements.

1.1 Procedural Criteria

This section presents a review of the procedural requirements of the EER as required by 40 CFR 50.14
(Treatment of Air Quality Monitoring Data Influenced by Exceptional Events) and explains how APCD
fulfills them.

The Federal EER requirements include public notification that an event was occurring, the placement of
informational flags on data in EPA’s Air Quality System (AQS), submission of initial event description,
the documentation that the public comment process was followed, and the submittal of a demonstration
supporting the exceptional events flag. APCD has addressed all of these procedural and documentation

requirements.

Public notification that event was occurring (40 CFR 50.14(c)(1)(i))

APCD issued Blowing Dust Advisories for southwestern, south-central and southeastern

Colorado advising citizens of the potential for high wind/dust events on April 3, 2011. This area includes:
Cortez, Durango, Pagosa Springs, Alamosa, Pueblo, Lamar, La Junta, and Springfield. The advisories that
were issued on April 3, 2011 can be viewed at:
http://www.colorado.gov/airquality/forecast_archive.aspx?seeddate=04%2f03%2f2011 and are included
in Appendix C.

Place informational flag on data in AQS (40 CFR 50.14(c)(2)(ii))
APCD and other applicable agencies in Colorado submit data into EPA’s AQS. Data from both filter-
based and continuous monitors operated in Colorado are submitted to AQS.

When APCD and/or the Primary Quality Assurance Organization operating monitors in Colorado
suspects that data may be influenced by an exceptional event, APCD and/or the other operating agency
expedites analysis of the filters collected from the potentially-affected filter-based air monitoring
instruments, quality assures the results and submits the data into AQS. APCD and/or other operating
agencies also submit data from continuous monitors into AQS after quality assurance is complete.

If APCD and/or the applicable operating agency have determined a potential exists that the sample value
has been influenced by an exceptional event, a preliminary flag is submitted with the measurement when
the data are uploaded to AQS. The data are not official until they are certified by May 1st of the year
following the calendar year in which the data were collected (40 CFR 58.15(a)(2)). The presence of the
flag with a date/time stamp can be confirmed in AQS.

Notify EPA of intent to flag through submission of initial event description by July 1 of calendar year
following event (40 CFR 50.14(c)(2)(iii))

In early 2011, APCD and EPA Region 8 staff agreed that the notification of the intent to flag data as an
exceptional event would be done by submitting data to AQS with the proper flags and the initial event
descriptions. This was deemed acceptable, since Region 8 staff routinely pull the data to review for
completeness and other analyses.

On April 3, 2011, three sample values greater than 150 pg/m® were taken at multiple sites across southern
Colorado during the high wind event that occurred that day. These were the monitors located in Alamosa


http://www.colorado.gov/airquality/forecast_archive.aspx?seeddate=04%2f03%2f2011

at Adams State College (SLAMS), Alamosa at the Municipal Building (SLAMS), and Lamar Power Plant
monitor (SLAMS). All of these monitors are operated by APCD in partnership with local operators.

Document that the public comment process was followed for event documentation (40 CFR
50.14(c)(3)(iv))

APCD posted this report on the Air Pollution Control Division’s webpage for public review. APCD
opened a 30-day public comment period on November 20, 2013. A copy of the public notice certification
(in cover letter), along with any comments received, will be submitted to EPA, consistent with the
requirements of 40 CFR 50.14(c)(3)(iv).

Submit demonstration supporting exceptional event flag (40 CFR 50.14(a)(1-2))

At the close of the comment period, and after APCD has had the opportunity to consider any comments
submitted on this document, APCD will submit this document, along with any comments received (if
applicable), and APCD’s responses to those comments to EPA Region VIII headquarters in Denver,
Colorado.

1.2 Documentation Requirements
Section 50.14(c)(3)(iv) of the EER states that in order to justify excluding air quality monitoring data,
evidence must be provided for the following elements:

a. The event satisfies the criteria set forth in 40 CFR 501(j) that:
(1) the event affected air quality,
(2) the event was not reasonably controllable or preventable, and
(3) the event was caused by human activity unlikely to recur in a particular location or
was a natural event;
b. There is a clear causal relationship between the measurement under consideration and the
event;
c. The event is associated with a measured concentration in excess of normal historical
fluctuations; and
d. There would have been no exceedance or violation but for the event.
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2.0 Meteorological analysis of the April 3, 2011, blowing dust
event and PM, exceedance — Conceptual Model and
Wind Statistics

On April 3, 2011, a powerful spring storm system caused multiple exceedances of the twenty-four hour
PMy, standard in southern Colorado. Exceedances were recorded at the Alamosa Municipal Building
monitor with a concentration of 372 pg/m®, the Adams State College monitor in Alamosa with a
concentration of 295 pg/m®, and the Lamar Power Plant monitor with a concentration of 169 pg/m®.
These high readings and other PM;, concentrations across Colorado are plotted on the map for April 3,
2011, in Figure 1. The exceedances were the consequence of high winds from an intensifying surface low
pressure system and vigorous cold front. These surface features were associated with a strong upper-level
trough that was moving across the western United States. The prefrontal surface winds were out of a west
to southwesterly direction and moved over dry soils in Arizona, northwest New Mexico, southeast Utah
and southern Colorado producing significant blowing dust. Behind the cold front the winds were
northerly which moved over dry soils in eastern Colorado, consequently also producing significant
amounts of blowing dust.

EPA’s June 2012, Draft Guidance on the Preparation of Demonstrations in Support of Requests to
Exclude Ambient Air Quality Data Affected by High Winds under the Exceptional Events Rule states, “the
EPA will accept a threshold of a sustained wind of 25 mph for areas in the west provided the agencies
support this as the level at which they expect stable surfaces (i.e., controlled anthropogenic and
undisturbed natural surfaces) to be overwhelmed...”. In addition, in both eastern and western Colorado
it has been shown that wind speeds of 30 mph or greater and gusts of 40 mph or greater can cause
blowing dust (see Appendix A — Grand Junction, Colorado, Blowing Dust Climatology and Appendix B -
Lamar, Colorado, Blowing Dust Climatology at the end of this document). For this blowing dust event, it
has been assumed that sustained winds of 30 mph and higher or wind gusts of 40 mph and higher can
cause blowing dust in northeast Arizona, northwest New Mexico, southeast Utah and southern and
eastern Colorado.

11



High PM10 Natural Event in Colorado
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Figure 1: 24-hour PMy, concentrations for April 3, 2011.

The surface weather associated with the storm system of April 3, 2011, is presented in Figure 2 through

Figure 5; the surface analyses for 11 PM MST April 2, and 5 AM, 11 AM and 5 PM MST April 3, 2011,
respectively. The most significant surface feature in the western United States over this time period was a

cold front that initially stretched from South Dakota to central California (Figure 2). This front drifted to

the south and southeast across Colorado and was associated with a strong surface low pressure system.

(Figure 3 through Figure 5).

The upper level trough with this storm system is shown in Figure 6 through Figure 9. Figure 6 and Figure
7 show the 700-mb height analysis maps for 5 PM MST April 2, and 5 AM MST April 3, 2011,
respectively while Figure 8 and Figure 9 display the 500 mb height analysis maps for the same time
period. The 700 mb level is roughly 3 kilometers above mean sea level (MSL) and the 500 mb level is
generally located approximately 6 kilometers above MSL. These four charts show that a deep trough of
low pressure was present in the upper levels of the atmosphere preceding and during the blowing dust
event of April 3, 2011, and that it was moving over the western United States.
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Figure 2: Surface Analysis for 06Z April 3, 2011, or 11 PM MST April 2, 2011.
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP)

Figure 3: Surface Analysis for 12Z April 3, 2011, or 5 AM MST April 3, 2011.
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 4: Surface Analysis for 18Z April 3, 2011, or 11 AM MST April 3, 2011.
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 5: Surface Analysis for 00Z April 4, 2011, or 5 PM MST April 3, 2011.
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP)

14


http://nomads.ncdc.noaa.gov/ncep/NCEP
http://nomads.ncdc.noaa.gov/ncep/NCEP

Niad :
FLSE e

"t ¢

_‘__’,' =L i l|__w:- ":;:'
| ,:qé}\l_!:‘o‘ T X“i@m
el hy : :

18
N D425+

of apn 200 1 i
Figure 6: 700 mb (about 3 kilometers above mean sea level) analysis for 00Z April 3, 2011, or 5 PM
MST April 2, 2011.

(source: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 7: 700 mb (about 3 kilometers above mean sea level) analysis for 12Z April 3, 2011, or 5 AM
MST April 3, 2011.
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Flgure 8: 500 mb (about 6 kilometers above mean sea level) analysis for 00Z April 3, 2011, or 5 PM
MST April 2, 2011.
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 9: 500 mb (about 6 kilometers above mean sea level) analysis for 12Z April 3, 2011, or 5 AM
MST April 3, 2011.
(source: http://nomads.ncdc.noaa.gov/ncep/NCEP)
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Figure 10, Figure 11 and Figure 12 show the NARR (North American Regional Reanalysis) jet stream

maximum winds rotating around the base of the 700 mb trough at 11 PM MST April 2, and 5 AM and 11
AM MST April 3, 2011, respectively. At the 700 mb level, peak winds stretched from southern Utah and

northern Arizona eastward into Kansas, Oklahoma and the Texas Panhandle. This jet streak included an
area of intense 30-50 knot winds located over the arid Four Corners region of Arizona, New Mexico,

Colorado and Utah.

Figure 13 and Figure 14 show the 500 mb trough and corresponding wind speeds at 5 AM MST and 11

AM MST on April 3, 2011, respectively. It is evident that the 500 mb wind speed intensified dramatically

during the morning hours in southern Colorado and northern New Mexico. Between 5 AM and 11 AM

MST, the 500 mb wind along the Colorado/New Mexico state line increased from the 50 to 70 knot range

(Figure 13) to the 70 to 90 knot range (Figure 14).
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Figure 10: NARR 700 -mb-(abouté kiloméfers above mean sea' level) a'nél- sis for 06Z April 3, 2011,

or 11 PM MST April 2, 2011, showing wind speeds in knots. Only speeds above 30 knots are

plotted.

(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datasets)
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Figure 11: NARR 700 mb (about 3 kllometers above mean sea level) analysis for 12Z April 3, 2011,
or 5 AM MST April 3, 2011, showing wind speeds in knots. Only speeds above 30 knots are plotted.
(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datasets)
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Figure 12: NARR 700 mb (about 3 kllometers above mean sea level) analysis for 18Z Apnl 3, 2011,
or 11 AM MST April 3, 2011, showing wind speeds in knots. Only speeds above 30 knots are
plotted.

(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datasets)
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Figure 13: NARR 500 mb (about 6 kilometers above mean sea Ievel) analysis for 12Z April 3, 2011,

or 5 AM MST April 3, 2011, showing wind speeds in knots. Only speeds above 40 knots are plotted.

(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datasets).

Figure 14: NARR 500 mb (about 6 kilometers above mean sea Ievel) anaIyS|s for 18Z April 3, 2011,

or 11 AM MST April 3, 2011, showing wind speeds in knots. Only speeds above 40 knots are

plotted.
(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datasets).
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The upper level trough (observed at 700 and 500 mb) affected winds near the surface in two ways. First,
momentum associated with the strong winds aloft at the base of the trough was transferred to the surface
because of deep vertical mixing in the area of the strong winds aloft. This appears to have been the
mechanism for high surface winds prior to the passage of the cold front shown in Figure 2 through Figure
5.

Figure 15 through Figure 17 show the height of the top of the mixed layer in kilometers above MSL at 11
PM MST on April 2, and 5 AM and 11 AM MST on April 3, 2011, respectively. In Figure 15 and Figure
16, mixing of 3 to 6 kilometers above MSL is located over the Four Corners Region. Mixing to this
degree would have been sufficient to transfer momentum to the surface from the zone of strong winds at
700 mb over the Four Corners region during the same time frame (Figure 10 and Figure 11). By 11 AM
MST (Figure 17), mixing heights of 5 to 7 kilometers above MSL are located just to the south of Alamosa
in south-central Colorado and north-central New Mexico. With this magnitude of mixing, it is
conceivable that the very intense 500 mb winds located over the region shown in Figure 14 were
transported down to the surface. Winds of this strength are not apparent at the 700 mb level at this time,
and this may reflect a weakness in the model analysis for this level at this place and time.

The second mechanism that aided in producing high surface winds on April 3 was the surface low
pressure system (Figure 2 through Figure 5) with tight pressure gradients. This was likely the key factor
in dust production for eastern Colorado after the passage of the cold front. The tight pressure gradients are
easily identified in Figure 18 where a bunching of isobars can be found in eastern Colorado just to the
north of Lamar.

Strong winds aloft and deep mixing in advance of the cold front, with tight pressure gradients behind the
cold front caused regional surface winds over 40 mph with gusts exceeding 50 mph for several hours.
Winds of this strength can easily cause blowing dust if soils are dry. Recall that wind speeds of 30 mph or
greater and/or gusts of 40 mph or higher have been shown to cause blowing dust in Colorado (see
Appendix A — Grand Junction, Colorado, Blowing Dust Climatology and Appendix B - Lamar, Colorado,
Blowing Dust Climatology at the end of this document). When blowing dust occurs with strong winds at
the surface and aloft combined with deep mixing as was observed during the April 3, 2011, event, dust
can be suspended for many hours and transported long distances. These conditions are the hallmarks of a
regional dust transport event.

The synoptic weather conditions on April 3, 2011, (illustrated in Figure 3 through Figure 18) show

that the conditions necessary for widespread strong gusty winds and transport of blowing dust were in
place over the area of concern.

20



"0

Figure 15: Height of the mixed layer in kilometers above mean sea level from the NARR at 06Z
April 3,2011, or 11 PM MST April 2, 2011. Only heights above 3 kilometers are plotted.
(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datasets)

0

Figure 16: Height of the mixed layer in kilometers above mean sea level from the NARR at 12Z
April 3, 2011, or 5 AM MST April 3, 2011. Only heights above 3 kilometers are plotted.
(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datasets)
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Figure 17: Height of the mixed layer in kilometers above mean sea level from the NARR at 18Z
April 3,2011, or 11 AM MST April 3, 2011. Only heights above 3 kilometers are plotted.
(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datasets)
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Figure 18: Sea level pressure analysis at 21Z April 3, 2011, or 2 PM MST April 3, 2011.

(source: http://vortex.plymouth.edu/surface-u.html)
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Figure 19 through Figure 23 present synoptic-scale weather maps centered over Denver, Colorado, which
include individual surface weather observations for 4:43 AM, 10:43 AM, 1:43 PM, 2:43 PM and 3:43 PM
MST April 3, 2011, respectively. These maps cover Colorado and the areas of Arizona, Utah, and New
Mexico that were upwind of the portions of Colorado that experienced exceedances of the PM, standard.
These surface analyses illustrate that winds above 30 mph with gusts above 40 mph occurred in many
areas both to the south and to the north of the cold front and surface low pressure complex shown in
Figure 2 through Figure 5. On the map in Figure 19, the station plot for Alamosa, Colorado (ALS) at 4:43
AM MST shows a reduced visibility of 3 statute miles and is accompanied by the infinity sign («). The
infinity sign is the weather symbol for haze. Haze is often reported during dust storms, and in dry and
windy conditions haze typically refers to blowing dust (see the following link for the description of haze
published by the National Oceanic and Atmospheric Administration (NOAA):
http://www.crh.noaa.gov/Imk/?n=general_glossary ).

A second period of dust occurred later that morning and continued into the afternoon as a cold front
approached the region. At 10:43 AM MST (Figure 20), the station observation for Farmington, NM
(FMN) approximately 20 miles south of the Colorado state line in northwestern New Mexico shows a
dollar sign ($). The dollar sign is the weather symbol for dust or sand raised by wind at the time of the
observation. Three hours later at 1:43 PM MST (Figure 21) directly downwind from Farmington, haze
was again reported at Alamosa (ALS) with visibility significantly reduced to just 0.75 statute miles.
Additionally, blowing dust and haze were beginning to shift further east into southeast Colorado with La
Junta (LHX) reporting haze and visibility of 5 statute miles with winds from the west-southwest.

By 2:43 PM MST (Figure 22), the cold front was moving through southeast Colorado. As the wind
shifted to the north with the frontal passage, La Junta (LHX) recorded an observation of haze and
visibility of 4 statute miles. Meanwhile just to the east of La Junta in Lamar (LAA), haze with a visibility
of only 1 statute mile was observed at 3:43 PM MST (Figure 23). Additional surface weather maps not
included here show that haze and blowing dust were reported in other parts of Arizona, New Mexico and
Colorado on April 3.

Surface weather maps show evidence of widespread blowing dust and winds above the threshold speeds
for blowing dust on April 3, 2011.
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Figure 19: NCAR RAP Real-Time Weather Data website DEN sector surface analysis for 1143Z

April 3, 2011, or 4:43 AM MST April 3, 2011.
(source: http://www.rap.ucar.edu/weather/)
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Figure 20: NCAR RAP Real-Time Weather Data website DEN sector surface analysis for 1743Z
April 3, 2011, or 10:43 AM MST April 3, 2011.
(source: http://www.rap.ucar.edu/weather/)
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Figure 21: NCAR RAP Real-Time Weather Data website DEN sector surface analysis for 2043Z
April 3, 2011, or 1:43 PM MST April 3, 2011.
(source: http://www.rap.ucar.edu/weather/)
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Figure 22: NCAR RAP Real-Time Weather Data website DEN sector surface analysis for 2143Z
April 3, 2011, or 2:43 PM MST April 3, 2011.
(source: http://www.rap.ucar.edu/weather/)
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Figure 23: NCAR RAP Real-Time Weather Data website DEN sector analysis for 2243 April 3,

2011, or 3:43 PM MST April 3, 2011.
(source: http://www.rap.ucar.edu/weather/)
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To expand on the data from these synoptic maps, hourly surface weather observations were gathered from
several reporting stations located in Colorado, New Mexico and Arizona for April 3, 2011. Figure 24
provides a reference map containing the locations of all the stations utilized for this analysis. The two
locations which recorded PM, exceedances (Alamosa and Lamar, CO) are denoted in bold and caps.

Table 1 and Table 2 list observations for the PMy, exceedance locations of Alamosa and Lamar.
Observations that are climatologically consistent with blowing dust conditions are highlighted in yellow.
Table 3 through Table 14 contain the surface observations from sites that are in close vicinity to Alamosa
or Lamar, or are in or near areas in eastern Colorado, northeast Arizona and northwest New Mexico that
are known source regions for blowing dust (see Appendix A — Grand Junction, Colorado, Blowing Dust
Climatology and Appendix B - Lamar, Colorado, Blowing Dust Climatology at the end of this document).
At these locations sustained wind speeds were as high as 51 mph with wind gusts up to 70 mph. Both of
these values are well above the blowing dust thresholds already identified.

Collectively these weather observation sites experienced many hours of reduced visibility along with
sustained wind speeds and gusts at or above the thresholds for blowing dust.

Observations of sustained wind speeds and gust speeds above the blowing dust thresholds and reduced
visibilities on April 3, 2011, at weather stations in northeast Arizona, northwest New Mexico and
southern and eastern parts of Colorado show that a regional dust storm event occurred under south to
southwesterly flow prior to a cold front passage, and under northerly flow at Lamar after a cold front
passage. The observations contribute to the body of evidence that shows that a regional dust storm
caused the PM;, exceedances at the monitoring sites in question.
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Figure 24: Weather observation stations for April 3, 2011, meteorological analysis.
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Table 1: Weather observations for Alamosa, Colorado on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

Wind Wind
Time Relative | Speed | Wind | Direction
MST | Temperature | Humidity in Gust in in Visibility
April 3 Degrees F in % mph mph Degrees | Weather | in miles
1:52 55 26 9 18 210 10
2:18 54 28 10 16 240 9
2:52 52 28 7 10
3:52 54 27 40 53 250 haze 2
3:59 54 28 35 53 240 haze 1.75
4:02 54 28 35 47 250 haze 3
4:52 52 35 27 39 270 10
5:52 50 37 16 230 10
6:52 52 35 18 25 240 10
7:52 52 36 27 37 230 10
8:52 58 26 30 40 250 10
9:52 57 28 32 44 240 10
10:52 55 29 29 45 250 haze 2.5
11:35 52 40 46 67 250 It rain 1.5
11:39 48 46 39 67 260 It rain 0.75
11:52 49 50 51 70 240 It rain 2.5
11:57 52 40 48 70 240 It rain 0.25
12:09 54 38 43 59 220 haze 0.5
12:16 55 35 33 58 220 haze 1
12:19 57 33 36 50 230 haze 2
12:26 57 33 39 51 240 haze 3
12:34 61 25 39 53 240 haze 2
12:38 61 25 46 59 240 haze 1
12:41 59 27 48 62 240 haze 0.5
12:52 58 30 45 56 230 It rain 0.5
13:01 57 28 haze 0.5
13:17 59 29 37 53 240 haze 1.5
13:22 59 27 37 48 240 haze 3
13:30 59 29 44 53 250 haze 1.25
13:33 57 31 45 56 250 haze 0.75
13:42 55 38 31 60 240 haze 1.25
13:48 57 36 37 48 240 haze 3
13:52 56 37 39 48 230 haze 6
14:02 57 33 51 61 240 haze 1.75
14:13 55 35 37 50 230 haze 3
14:52 59 29 30 46 250 10
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Table 2: Weather observations for Lamar, Colorado on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

Wind
Time Relative Wind Wind | Direction
MST | Temperature | Humidity | Speed | Gustin in Visibility
April 3 Degrees F in % in mph mph Degrees | Weather | in miles
0:53 54 24 13 200 10
1:53 55 24 12 200 10
2:53 67 16 15 210 10
3:53 62 20 17 200 10
4:53 69 15 25 31 230 10
5:53 69 15 21 240 10
6:53 74 14 22 31 260 10
7:53 76 14 36 45 240 10
8:53 80 12 32 46 250 10
9:53 82 10 25 45 250 10
10:53 85 7 38 47 270 10
11:53 85 7 37 48 250 10
12:53 85 7 37 59 240 10
13:53 85 8 41 54 250 10
15:35 55 41 41 55 10 haze 1.25
15:40 54 41 44 56 10 haze 1
15:50 54 41 35 54 360 haze 1.25
15:53 54 41 41 54 360 haze 1.25
16:00 54 41 37 53 10 haze 1.5
16:03 54 41 39 51 10 haze 2
16:05 54 41 32 51 10 haze 3
16:17 52 43 41 52 10 haze 3
16:25 52 43 33 52 10 haze 2.5
16:40 48 46 35 46 360 haze 3
16:53 47 48 40 48 360 haze 4
17:53 41 62 35 47 360 haze 5
18:53 38 67 27 38 360
19:53 37 72 17 38 360 10
20:53 37 64 24 39 350 It snow 7
21:53 36 67 13 10 It snow 9
22:53 39 48 16 350 10
23:53 38 50 16 21 320
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Table 3: Weather observations for Akron, Colorado on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

Wind
Time Relative Wind Wind | Direction
MST Temperature | Humidity | Speed | Gustin in Visibility
April 3 Degrees F in % in mph mph Degrees | Weather | in miles
0:53 62 19 12 220 10
1:53 60 21 13 210 10
2:53 59 23 15 210 10
3:53 55 29 12 230 10
4:53 53 32 12 250 10
5:53 52 38 15 10 10
6:53 49 63 27 32 10 10
7:53 49 66 24 29 360 10
8:53 48 66 25 33 10 10
9:53 52 54 25 29 10 10
10:53 53 46 28 35 350 10
11:53 47 56 30 38 350 10
12:16 43 61 30 43 340 10
12:31 39 70 30 41 350 10
12:53 38 70 31 38 340 10
It snow;
13:43 34 80 28 40 350 fog 3
It snow;
13:53 33 88 25 36 340 fog 1.25
It snow;
14:53 33 92 29 35 350 fog 1.75
It snow;
15:53 32 92 25 31 350 fog 4
16:53 34 85 22 28 340 10
17:53 33 72 28 33 350 10
18:53 32 66 22 30 350 10
19:53 30 69 17 350 10
20:53 30 69 16 340 10
21:53 30 66 20 25 330 10
22:53 30 71 25 31 340 10
23:03 30 69 23 30 340 10
23:53 28 75 22 28 340 10
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Table 4: Weather observations for Burlington, Colorado on April 3, 2011.

(source: http://www.met.utah.edu/mesowest/)

Wind
Time Relative Wind Wind | Direction
MST | Temperature | Humidity | Speed | Gustin in Visibility
April 3 Degrees F in % in mph mph Degrees | Weather | in miles
0:53 53 32 12 230 10
1:53 59 27 15 240 10
2:53 57 29 12 240 9
3:53 56 30 12 240 9
4:53 61 24 14 240 8
5:53 56 31 12 240 7
6:53 62 28 9 250 8
7:53 64 27 13 20 8
8:53 63 34 16 20 10
9:53 60 44 16 10 9
10:53 59 47 16 30 10
11:53 62 38 22 30 10 10
12:53 59 41 20 30 20 10
13:53 59 39 32 41 360 10
14:53 45 56 32 47 350 10
15:53 38 70 29 41 360 10
16:20 36 87 24 37 350 9
It snow;
16:30 34 93 23 33 350 fog 1.75
It snow;
16:42 34 93 23 30 340 fog 2
It snow;
16:53 33 96 22 31 360 fog 1
mod
snow;
17:01 34 86 22 31 350 fog 0.5
20:53 34 72 20 31 350 10
21:53 33 75 20 24 340 10
22:53 33 69 20 29 340 10
23:53 32 69 22 33 340 10
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Table 5: Weather observations for La Junta, Colorado on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

Wind
Time Relative Wind Wind | Direction
MST | Temperature | Humidity | Speed | Gustin in Visibility
April 3 Degrees F in % in mph mph Degrees | Weather | in miles
0:53 65 17 8 220 10
1:53 67 16 9 200 10
2:53 71 16 25 240 10
3:53 70 16 24 230 10
4:53 69 17 25 31 250 10
5:53 65 20 16 230 10
6:53 69 20 25 31 250 10
7:53 75 15 28 40 260 10
8:53 77 14 37 47 270 10
9:53 78 13 38 52 250 10
10:53 80 12 37 50 250 10
11:53 81 11 43 59 250 10
12:53 81 11 39 51 250 10
13:31 81 11 41 73 250 haze 5
13:53 80 12 44 55 260 10
14:29 63 34 41 55 350 haze 2.5
14:35 61 36 40 54 360 haze 4
14:53 58 40 44 53 10 10
15:00 55 44 40 53 10 8
15:53 51 46 44 52 360 10
16:53 45 53 40 52 360 10
17:53 41 60 39 45 360 10
18:53 36 75 31 43 10 10
19:48 36 80 13 21 20 It snow 3
It snow;
19:53 34 85 15 21 10 fog 2
It snow;
19:59 34 86 15 23 360 fog 1.5
It snow;
20:12 34 86 23 20 fog 1
It snow;
20:18 34 86 20 27 10 fog 0.75
mod
snow;
20:41 32 93 30 37 10 fog 0.5
20:53 32 92 23 33 10 fog 0.5
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Table 6: Weather observations for Limon, Colorado on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

Wind
Time Relative Wind Wind Direction
MST Temperature | Humidity | Speedin | Gustin in Visibility
April 3 Degrees F in % mph mph Degrees | Weather | in miles
0:55 59 22 10 200 10
1:55 47 34 6 140 10
2:55 54 28 7 230 10
3:55 51 32 7 240 10
4:55 49 33 6 20 10
5:55 44 40 10
6:55 51 36 10
7:55 65 20 5 200 10
8:55 61 33 27 33 30 10
9:55 57 44 23 20 10
10:55 59 44 24 30 10 10
11:55 56 49 23 31 20 10
12:55 49 50 37 46 350 10
It snow;
13:51 36 80 36 48 350 fog 2.5
It snow;
13:55 35 88 35 44 360 fog 3
unknown
14:22 36 93 28 43 10 prcp 10
It snow;
14:40 34 86 36 41 360 fog 4
14:55 33 88 27 38 360 8
It snow;
15:06 32 86 27 36 360 fog 2.5
It snow;
15:12 30 100 27 36 360 fog 0.75
mod
snow; ice
15:21 30 100 27 37 10 fog 0.5
It snow;
15:35 30 100 27 33 360 fog 1
It snow;
15:39 30 100 27 33 10 fog 1.25
It snow;
15:55 31 92 27 36 10 fog 15
mod
snow; ice
16:06 30 93 28 37 360 fog 0.5
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Table 7: Weather observations for Pueblo, Colorado on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

wind wind
Time Relative | Speed | Wind | Direction
MST | Temperature | Humidity in Gust in in Visibility
April 3 Degrees F in % mph mph Degrees | Weather | in miles
0:53 72 12 13 230 10
1:53 72 13 13 20 230 10
2:32 72 14 32 44 260 10
2:53 70 15 20 32 260 10
3:53 68 17 23 32 260 10
4:53 67 18 18 27 270 10
5:53 67 17 17 32 260 8
6:13 68 17 31 40 260 haze 4
6:46 68 17 38 52 260 7
6:53 68 17 37 56 250 8
7:53 70 16 30 46 240 10
8:53 73 15 35 53 250 10
9:53 74 13 29 48 240 10
10:53 76 12 35 47 230 10
11:53 77 10 28 44 220 10
12:53 76 11 27 35 250 10
13:53 75 15 17 37 250 10
14:17 52 40 43 52 10 10
14:53 48 47 38 48 10 10
15:53 46 49 33 45 10 10
16:53 39 70 36 47 360 It rain 10
17:53 35 85 36 52 10 10
18:37 36 69 35 52 10 It snow 7
18:50 34 80 35 44 20 It snow 1.75
18:53 33 81 33 44 10 It snow 1.25
It snow;
19:11 34 80 29 40 20 fog 1.75
19:29 34 80 21 33 30 It snow 2.5
19:39 34 80 21 33 20 It snow 3
19:43 34 80 30 38 20 It snow 1.75
19:53 33 81 18 36 20 It snow 1.5
20:04 34 80 25 37 30 It snow 2
20:18 36 69 24 36 30 It snow 4
20:46 36 69 20 27 30 10
20:53 35 69 18 27 40 10
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Table 8: Weather observations for Springfield, Colorado on April 3, 2011.

(source: http://www.met.utah.edu/mesowest/)

Wind
Time Relative | Wind | Wind | Direction
MST | Temperature | Humidity | Speed Gust in Visibility
April 3 | Degrees F in % inmph | inmph | Degrees | Weather | in miles

0:56 57 20 9 260
1:56 58 22 16 240
2:56 62 19 13 250
3:56 61 20 13 250
4:56 57 23 8 260
5:56 52 28 12 260
6:56 63 21 10 250
7:56 75 13 20 28 270
8:56 77 12 18 32 270
9:56 83 9 29 37 270
10:56 84 7 28 41 260
11:56 83 7 25 38 270
12:56 84 8 23 43 250
13:56 81 9 32 48 270
14:56 82 9 32 46 260
15:56 81 8 24 38 270
16:11 64 30 38 56 30
16:56 54 41 41 48 20
17:56 47 49 35 46 10
18:56 41 62 25 41 20
19:56 38 67 29 41 10
20:56 35 69 30 39 20
21:56 32 85 27 31 10
22:56 31 92 23 32 360
23:56 31 85 30 44 10
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Table 9: Weather observations for Trinidad, Colorado on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

wind
Time Relative | Wind | Wind | Direction
MST | Temperature | Humidity | Speed Gust in Visibility
April 3 Degrees F in % in mph | in mph | Degrees | Weather | in miles

0:54 60 19 6 200 10
1:54 64 16 7 10
2:54 65 14 13 21 290 10
3:54 66 15 24 35 240 10
4:54 65 18 31 45 250 10
5:54 65 19 46 56 250 10
6:54 65 20 30 46 250 10
7:54 67 17 35 51 250 10
8:54 69 15 47 56 250 10
9:54 71 14 41 55 240 10
10:54 71 12 50 60 250 10
11:54 72 12 40 53 250 10
12:54 73 11 39 55 230 10
13:54 73 11 37 55 250 10
14:54 72 14 29 43 280 10
15:54 70 17 35 46 260 10
16:47 52 43 29 40 20 10
16:54 48 49 31 47 20 10
17:01 46 53 35 41 20 10
17:54 42 57 15 24 30 10
18:19 39 65 16 40 10
18:54 38 70 12 30 It snow 10
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Table 10: Weather observations for Kykotsmovi (Hopi), Arizona on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

Wind
Time Relative Wind wind | Direction
MST | Temperature | Humidity | Speed in | Gustin in Visibility
April 3 Degrees F in % mph mph Degrees | Weather | in miles
0:13 58 32 21 27 197
1:13 57 31 15 26 191
2:13 53 36 9 19 207
3:13 49 40 5 11 233
4:13 51 42 8 12 204
5:13 44 45 5 12 308
6:13 51 49 8 10 193
7:13 58 36 22 33 226
8:13 62 26 26 38 232
9:13 65 20 27 37 248
10:13 66 19 28 42 258
11:13 66 19 30 43 271
12:13 67 18 27 44 255
13:13 69 17 29 42 265
14:13 67 15 28 41 279
15:13 67 18 27 41 281
16:13 59 24 19 40 332
17:13 54 23 22 34 347
18:13 49 23 23 35 353
19:13 45 23 26 39 352
20:13 43 22 24 38 349
21:13 40 21 19 37 7
22:13 36 24 19 28 25
23:13 33 22 7 11 18
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Table 11: Weather observations for Window Rock, Arizona on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

Wind Wind
Time Relative | Speed | Wind | Direction
MST Temperature | Humidity in Gust in in Visibility
April 3 Degrees F in % mph mph Degrees | Weather | in miles

0:53 56 34 20 28 220 10
1:53 53 38 14 25 220 10
2:53 52 39 17 23 220 10
3:53 51 41 15 25 220 10
4:53 50 42 18 30 220 10
5:53 50 42 21 39 220 10
6:53 50 44 15 23 220 10
7:53 51 44 18 30 220 10
8:53 54 41 23 33 230 10
9:53 56 37 29 40 240 10
10:53 60 28 35 45 250 10
11:53 61 24 29 43 260 10
12:53 64 20 28 46 250 10
13:53 65 18 38 48 240 10
14:53 64 19 30 40 270 10
15:53 58 26 23 50 280 10
16:53 58 28 28 37 250 10
17:53 49 50 20 28 350 10
18:53 41 62 8 360 10
19:53 43 43 9 16 350 10
20:53 39 30 12 21 360 10
21:53 35 28 13 23 350 10
22:53 32 27 10 21 340 10
23:53 30 21 12 360 10
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Table 12: Weather observations for Winslow, Arizona on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

Wind
Time Relative | Wind Wind | Direction
MST | Temperature | Humidity | Speed | Gustin in Visibility
April 3 Degrees F in % in mph mph Degrees | Weather | in miles

0:56 60 29 8 150 10
1:56 59 33 18 27 210 10
2:56 59 36 29 39 220 10
3:56 58 37 33 40 220 10
4:56 57 40 28 39 220 10
5:56 57 40 25 37 220 10
6:56 60 36 30 44 210 10
7:56 65 29 41 56 210 10
8:56 68 21 33 45 220 10
9:56 71 14 32 43 250 10
10:56 71 16 32 48 230 10
11:56 73 17 17 30 240 10
12:56 73 16 24 35 240 10
13:56 73 15 25 37 250 10
14:56 71 16 32 44 250 10
15:56 70 18 33 44 260 10
16:56 67 18 28 39 260 10
17:56 63 20 25 32 250 10
18:56 61 27 23 31 320 10
19:56 53 21 21 28 350 10
20:56 49 22 20 28 320 10
21:56 45 24 15 310 10
22:56 42 25 9 290 10
23:56 37 29 7 300 10
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Table 13: Weather observations for Farmington, New Mexico on April 3, 2011.
(source: http://www.met.utah.edu/mesowest/)

Time Relative Wind Wind Wind
MST | Temperature | Humidity | Speed | Gustin | Direction Visibility
April 3 Degrees F in % in mph mph in Degrees | Weather | in miles
0:53 64 21 22 240 10
1:53 64 22 18 29 250 10
2:53 63 23 18 24 250 10
3:53 61 25 15 22 250 10
4:53 61 24 18 30 230 10
5:53 59 27 23 31 230 10
6:53 59 28 21 35 220 10
7:53 59 31 24 35 220 10
8:53 65 25 25 36 240 8
9:24 64 22 30 46 260 haze 2
9:41 66 21 31 43 270 haze 5
haze;
blowing

9:53 65 21 29 44 270 dust 6
10:53 67 18 37 50 270 haze 6
11:53 65 18 28 41 250 7
12:53 63 24 27 38 300 10
13:53 62 28 28 38 300 10
14:53 59 32 25 40 310 10
15:53 57 33 30 40 310 10
16:53 45 63 21 37 310 9
17:02 45 57 23 35 310 10
17:53 46 42 14 22 290 10
18:53 45 31 15 27 320 10
19:53 43 18 18 29 310 10
20:53 40 19 24 35 320 10
21:53 37 18 27 33 320 10
22:53 36 22 22 32 310 10
23:53 34 27 17 26 300 10
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Table 14: Weather observations for Gallup, New Mexico on April 3, 2011.

(source: http://www.met.utah.edu/mesowest/)

Wind Wind
Time Relative | Speed Wind Direction
MST Temperature | Humidity in Gust in in Visibility
April 3 Degrees F in % mph mph Degrees | Weather | in miles

0:53 55 34 13 210 10
1:53 54 35 13 210 10
2:53 53 38 14 22 220 10
3:53 52 38 16 200 10
4:53 51 38 16 210 10
5:53 50 40 14 220 10
6:53 52 41 25 32 210 10
7:53 54 40 23 37 230 10
8:53 56 37 33 41 230 10
9:53 58 33 30 41 220 10
10:53 61 28 28 39 240 10
11:53 65 20 40 50 250 10
12:53 65 18 43 59 250 5
13:53 67 15 43 53 250 7
14:53 66 17 39 56 240 7
15:53 63 19 35 50 250 9
16:53 60 23 28 39 270 10
17:53 54 38 20 40 240 10
18:18 52 47 16 45 340 10
18:26 50 54 13 23 340 10
18:53 46 63 21 28 330 10
19:53 44 55 7 290 10
20:53 43 38 9 330 10
21:53 40 26 15 21 350 10
22:53 37 26 13 17 330 10
23:53 33 21 12 18 350 10
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The Albuguerque, Flagstaff and Pueblo National Weather Service (NWS) forecast offices issue weather
warnings and advisories for northeast Arizona, most of New Mexico and south-central and southeast
Colorado. The weather warnings and advisories issued by these offices for April 3, 2011, pertaining to
strong winds and blowing dust are presented in Appendix C. Additionally, the Colorado Department of
Public Health and Environment (CDPHE) issued a Blowing Dust Advisory on the morning of April 3 for
southwestern, south-central and southeastern parts of Colorado, including both Alamosa and Lamar. This
advisory can also be found in Appendix C. Warnings and advisories issued by the NWS and CDPHE
show that strong winds and areas of blowing dust were expected and experienced across this region on
April 3, 2011.

Figure 25 shows the NOAA HYSPLIT 18-hour forward matrix trajectories (Draxler and Rolph, 2012) for
northeast Arizona and northwest New Mexico starting at 11 PM MST April 2, 2011 (see the following
link for more information on HYSPLIT from the NOAA Air Resources Laboratory:
http://ready.arl.noaa.gov/HYSPLIT.php ). This analysis clearly shows the transport of air from these areas
into southern Colorado on April 3. HYSPLIT 14-hour back trajectories for 1 PM MST April 3, 2011, in
Alamosa and Lamar are presented in Figure 26 and Figure 27 respectively. These figures also visibly
illustrate that Arizona and northwest New Mexico were source regions for air transported into Colorado
on April 3 prior to a cold front passage. Additionally, Figure 28 shows the HYSPLIT 4-hour back
trajectory for 5 PM MST April 3 in Lamar. The importance of this image is to display the source regions
of the dust transported into Lamar both before and after the cold front passage.

NOAA HYSPLIT forward and backward trajectories provide clear supporting evidence that dust from
arid regions of Arizona, northwest New Mexico and eastern Colorado caused the PM;, exceedances
measured across portions of southern Colorado on April 3, 2011.
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NOAA HYSPLIT MODEL
Forward trajectories starting at 0600 UTC 03 Apr 11
EDAS Meteorological Data

Source * at multiple locations

Meters AGL

Job Start: Mon Jul 29 21:35:37 UTC 2013
lon.: -112.000000 height: 100 m AGL

Job 1D: 18952
Source 1 lat.: 35.000000

Trajectory Direction: Forward  Duration: 18 hrs
Vertical Motion Calculation Method: ~ Model Vertical Velocity
Meteorology: 0000Z 1 Apr 2011 - EDAS40

Figure 25: NOAA HYSPLIT 18-hour forward trajectories for northeast Arizona and northwest

New Mexico for 11 PM MST April 2 (06Z April 3), 2011, to 5 PM MST April 3, 2011.
(source: http://ready.arl.noaa.gov/HYSPLIT.php)
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NOAA HYSPLIT MODEL

Backward trajectories ending at 2000 UTC 03 Apr 11

GDAS Meteorological Data

Source ¥ at 3745 N 10587 W

Meters AGL

Job ID: 1346 Job Start: Tue Jul 30 14:06:25 UTC 2013
Source 1 lat.:37.45 lon.:-105.87  height: 100 m AGL

Trajectory Direction: Backward  Duration: 14 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Apr 2011 - GDAS1

Figure 26: NOAA HYSPLIT 14-hour back trajectories for Alamosa, CO for each hour from 11 PM

MST April 2, 2011, to 1 PM MST April 3 (20Z April 3), 2011.
(source: http://ready.arl.noaa.gov/HYSPLIT.php)
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NOAA HYSPLIT MODEL
Backward trajectories ending at 2000 UTC 03 Apr 11
GDAS Meteorological Data
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Job 1D: 1280 Job Start: Tue Jul 30 14:05:03 UTC 2013
Source 1 lat.: 38.07 lon.:-102.68 height: 100 m AGL
Trajectory Direction: Backward ~ Duration: 14 hrs )
Vertical Motion Calculation Method: ~ Model Vertical Velocity
Meteorology: 0000Z 1 Apr 2011 - GDAS1

Figure 27: NOAA HYSPLIT 14-hour back trajectories for Lamar, CO for each hour from 11 PM

MST April 2, 2011, to 1 PM MST April 3 (20Z April 3), 2011.
(source: http://ready.arl.noaa.gov/HYSPLIT.php)
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NOAA HYSPLIT MODEL
Backward trajectories ending at 0000 UTC 04 Apr 11
GDAS Meteorological Data

w

©

o

o

- -107

pzd

[

Q

w

(o)}

©

{

ol

~

=

0

7]

-

O

<

w

| .

2

@

= 100 -
Job ID: 1643 Job Start: Tue Jul 30 14:13:49 UTC 2013
Source 1 lat.:38.07 lon.:-102.68 height: 100 m AGL
Trajectory Direction: Backward  Duration: 4 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 00002 1 Apr 2011 - GDAS1

Figure 28: NOAA HYSPLIT 4-hour back trajectories for Lamar, CO for each hour from 1 PM
MST April 3, 2011, to 5 PM MST April 3 (00Z April 4), 2011.
(source: http://ready.arl.noaa.gov/HYSPLIT.php)

49


http://ready.arl.noaa.gov/HYSPLIT.php

Figure 29 shows the output for blowing dust from the Navy Aerosol Analysis and Prediction System
(NAAPS) Global Aerosol Model for 5 PM April 3 (00Z April 4), 2011. The NAAPS system models
blowing dust emissions and transport based on soil moisture content, soil erodibility factors and a variety
of meteorological factors known to be conducive to blowing dust (for a description of NAAPS see:
http://www.nrImry.navy.mil/aerosol_web/Docs/globaer_model.html).

The forecast panel in the lower left of Figure 29 shows an area of highly elevated surface dust
concentrations over much of New Mexico, northeast Arizona and eastern Colorado. This model output
suggests that the Four Corners area of northeast Arizona and northwest New Mexico along with the high
plains of eastern Colorado were major source regions for blowing dust on April 3, 2011.

Forecast products from the Navy Aerosol Analysis and Prediction System model provide evidence for a

widespread blowing dust event on April 3, 2011, suggesting that significant source regions for dust in
Colorado were located in arid regions of Arizona, New Mexico and Colorado.
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NASPS Total Optical Depth for 00:0078 04 Apr 2011 Sulfate Surface Concentrotion {Ug/mesd)
Sulfate: Oronge/Red, Dost: Green/Vellow, Smoke: Blue for OOW0Z 04 Apr 2011

—1%5 —120 —115 =11 —105 =100 —g5 —an —1%5 =124 —115 =110 —105 =100 -85 —ani
; . : 750 :

[0 TIN0.2 0.5 3.2
Dust Surface Concentration {ug /s3] Smoke Surfoce Concentrotion (ug,/mwe3)
far O000Z 04 Apr 2011 for GOO0Z 04 Apr 2011

—1%3 —120 —115 =110 —185 =100 —83 -g0 —1%3 —128 —115 =110 —105 =100 -85 -0

Men Apr 4 025631 20171 UTC MRLAMontersey barosel Modeling

Figure 29: NAAPS forecasted dust concentrations for 5 PM MST April 3 (00Z April 4), 2011.
(source: http://www.nrlmry.navy.mil/aerosol-
bin/aerosol/display directory all?DIR=/web/aerosol/public_html/globaer/ops 01/wus/)

Figure 30 shows the GASP (GOES Aerosol Smoke Product) West Aerosol Optical Depth image at 8:30
AM MST April 3, 2011. Aerosol Optical Depth (AOD) is a measure of the degree to which aerosols
prevent the transmission of light (see the following link for additional information on GASP:
http://www.star.nesdis.noaa.gov/smcd/emb/aerosols/products _geo.php). In Figure 30 cloud cover has
interfered with the AOD calculations and prevented the derivation of values in much of south-central and
southwest Colorado, including the San Luis Valley where Alamosa is located. However, moderate to
high-moderate AOD values of 0.4 - 0.7 can be found in northeast Arizona and northwest New Mexico.
This corresponds in both location and time to observations of deteriorating visibility, haze and blowing
dust in Farmington, New Mexico, between 7:53 and 9:53 AM MST (Table 13). Blowing dust in the
Painted Desert of northeast Arizona remained visible on GASP AOD imagery through mid to late
morning (Figure 31).
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Figure 31, Figure 32 and Figure 33 show the GASP images for 10:15 AM MST, 2:15 PM MST and 2:45
PM MST April 3, respectively. By this period of time, dust had increased over southeast Colorado with
elevated AOD values found throughout the region. Concurrently, observations in La Junta, Colorado, of
poor visibility and haze commenced at 1:31 PM MST and persisted through 3:00 PM MST (Table 5).

Lamar also reported reduced visibility and haze between 3:35 PM and 5:53 PM MST, but it appears that
most of this dust originated north of Lamar as the wind direction during this time period was out of a
northerly direction (Table 2). This correlates well with the GASP imagery displayed in Figure 32, Figure
33 and Figure 34. On Figure 32, a thin band of elevated AOD values can be found across central
Nebraska. Thirty minutes later in Figure 33, that band spread to the southwest and expanded in coverage
across east-central Colorado. Concluding with Figure 34 at 3:45 PM MST, highly elevated AOD values
of 0.6 - 1.0 had pushed southward towards Lamar. These high AOD values in the Lamar area coincide
with observations of haze and visibility of only 1 — 1% statute miles in Lamar between 3:40 PM and 3:50
PM MST (Table 2).

GASP satellite imagery shows that the desert regions of northeast Arizona and northwest New Mexico
along with the arid plains of eastern Colorado were source regions for the blowing dust on April 3,
2011. This is consistent with the climatology for many dust storms in Colorado as described in the
Grand Junction, Colorado, Blowing Dust Climatology report contained in Appendix A and the Lamar,
Colorado, Blowing Dust Climatology in Appendix B, both found at the end of this document.

52
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Figure 30: GASP West Aerosol Optical Depth image, EPA Region 8 at 8:30 AM MST April 3
(1530Z April 3), 2011.
(source: http://www.star.nesdis.noaa.gov/smcd/spb/ag/index.php?product id=2)
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Figure 31: GASP West Aerosol Optical Depth image, EPA Region 8 at 10:15 AM MST April 3
(1715Z April 3), 2011.
(source: http://www.star.nesdis.noaa.gov/smcd/spb/ag/index.php?product id=2)
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GASP Aerosol Optical Depth 2011 04 03 2115 UTC EPA Region 7

Figure 32: GASP West Aerosol Optical Depth image, EPA Region 7 at 2:15 PM MST April 3
(2115Z April 3), 2011.
(source: http://www.star.nesdis.noaa.gov/smcd/spb/ag/index.php?product id=2)
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GASP Aerosol Optical Depth 2011 04 03 2145 UTC EPA Region 7

Figure 33: GASP West Aerosol Optical Depth image, EPA Region 7 at 2:45 PM MST April 3
(2145Z April 3), 2011.
(source: http://www.star.nesdis.noaa.gov/smcd/spb/ag/index.php?product id=2)
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Aerosol Optical Depth 2011 04 03 2245 UTC [EPA Region 7

Figure 34: GASP West Aerosol Optical Depth image, EPA Region 7 at 3:45 PM MST April 3
(2245Z April 3), 2011.
(source: http://www.star.nesdis.noaa.gov/smcd/spb/ag/index.php?product id=2)
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The Smoke Text Product from the National Oceanic and Atmospheric Administration (NOAA) Satellite
Services Division - Descriptive Text Narrative for Smoke/Dust Observed in Satellite Imagery through
0245Z April 4, 2011 (7:45 PM MST April 3, 2011)
(http://www.ssd.noaa.qov/PS/FIRE/DATA/SMOKE/2011/2011D040319.html) describes dust moving
southward through eastern Colorado following the passage of a cold front on April 3:

“A few areas of blowing dust could be seen in these [sic] region in this evening’s satellite
imagery. The first could be seen across the Panhandle region of Texas moving
eastward/southeastward along the dryline in that region. The second area could be seen moving
southward through parts of far eastern Colorado and into western Kansas where high
winds have picked up after the passage of a cold front this evening.”

NOAA scientists with expertise in the analysis of dust storms have indicated that a regional dust storm
occurred in eastern Colorado on April 3, 2011.

Figure 35 shows the total precipitation in inches for a portion of the southwestern United States for March
2011. It shows that most of northeast Arizona, northwest New Mexico and southeast Utah received less
than 0.4 inches of precipitation during March 2011. Additionally, it should be noted that little to no
precipitation was reported in this region during the first few days of April 2011 as evidenced in Figure 36.
Recall that this area has been identified as the source region for the blowing dust that occurred prior to the
cold front passage of April 3, 2011. Combining the data from Figure 35 and Figure 36, we can extrapolate
that most of northeast Arizona, northwest New Mexico and southeast Utah received less than 0.5 inches
of precipitation during the March 1-April 3 time frame. This is an approximate precipitation threshold
below which blowing dust can occur in the Painted Desert area when winds are above the blowing dust
thresholds. This precipitation threshold is reported in Appendix A which shows that blowing dust can
occur in northeastern Arizona source regions when soils are dry (typically less than 0.5 inches in a 30-day
period at Hopi, Arizona) and winds are strong.

After the cold front passage on April 3, 2011, the source region for dust shifted to eastern Colorado. As
stated earlier in this report, the majority of the dust that impacted Lamar appears to have originated in
eastern Colorado and was transported on northerly winds. Referring again to Figure 35 and Figure 36,
precipitation amounts of 0.5 inches or less were widespread across eastern Colorado. According to
Appendix B, this is also the approximate precipitation threshold below which blowing dust exceedances
in Lamar are more likely to occur when combined with high winds.

Furthermore, the Drought Monitor report for the western United States as of 5:00 AM MST March 29,
2011, (Figure 37) reveals that drought conditions in the Painted Desert of northeast Arizona were
categorized as “Abnormally Dry” to “Moderate Drought” just a few days before the April 3, 3011, dust
event. Severe drought conditions can also be observed in much of eastern Colorado, the likely source
region for the dust transported into Lamar after the cold front passage.

Soils in the Four Corners area of northeast Arizona, northwest New Mexico and southeast Utah along

with the plains of eastern Colorado were dry enough to produce blowing dust when winds were above
the thresholds for blowing dust on April 3, 2011.
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Figure 35: Total precipitation in inches for March 2011.
(source: http://prismmap.nacse.org/nn/index.phtmil)

Precipitation (in)
3/23/2011 - 4/5/2011

0.1 0.5 1 2 3 4 5 3] 7 E] ']
Generotad 4/6/2011 ot HPRCC using provisional dato. Regional Climate Canters
Figure 36: Total precipitation in inches for March 23-April 5, 2011.

(source:
http://www.hprcc.unl.edu/maps/current/index.php?action=update region&region=\WRCC)
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Figure 37: Drought conditions for the western United States at 5:00 AM MST March 29, 2011.
(source: http://droughtmonitor.unl.edu/archive.html)

http://drought.unl.edu/dm

In a 1997 paper, “Factors controlling threshold friction velocity in semiarid and arid areas of the United
States” (Marticorena et al., 1997), the authors characterized the erodibility of both disturbed and
undisturbed desert soil types. The threshold friction velocity, which is described in detail in this paper, is
a measure for conditions necessary for blowing dust and is higher for undisturbed soils and lower for
disturbed soils.

Friction velocities have been calculated for 11 AM MST and 5 PM MST April 3, 2011, using the 12 km
NAM (North American Mesoscale Model). These friction velocities are presented in Figure 38 and
Figure 39, respectively. According to Marticorena et al. (1997), even undisturbed desert soils normally
resistant to wind erosion will be susceptible to emission of blowing dust when threshold friction velocities
are greater than about 1.0 to 2.0 meters per second. These figures show that a wide area of northern
Arizona, northwest New Mexico, southeast Utah and southern and eastern Colorado had friction
velocities above 1.0 meters per second during the late morning and afternoon hours of April 3.

During the late morning of April 3, 2011, high friction velocity values were present in northwest New
Mexico and within the Little Colorado River Valley and Painted Desert region of northeast Arizona
(Figure 38). This is the same area where GASP imagery shows elevated AOD values corresponding to
blowing dust (Figure 30 and Figure 31) and also where 30-day precipitation totals were near or below 0.5
inches (Figure 35 and Figure 36). Figure 38 also shows that frictional velocities were high enough for

60


http://droughtmonitor.unl.edu/archive.html

dust from undisturbed soils in parts of southern Colorado, including western sections of the arid San Luis
Valley upwind of Alamosa.

Furthermore, frictional velocity values were at or above the blowing dust threshold across much of east-
central and southeast Colorado (Figure 38 and Figure 39). This is consistent with the conclusion that the
dust which impacted Lamar after the cold front passage was a natural event. Note that blowing dust will
typically only occur where friction velocities are high and the soils are dry and not protected by
vegetation, forest cover, boulders, rocks, etc. This is why blowing dust occurred in the desert and more
arid sections of northeast Arizona, northwest New Mexico, southeast Utah, and southern and eastern
Colorado on April 3.

The elevated friction velocities shown in Figure 38 and Figure 39, the data on soil moisture conditions
presented elsewhere in this report and the prevalence of winds above blowing dust thresholds (all
occurring in traditional source regions in northeast Arizona, northwest New Mexico, southeast Utah,
and southern and eastern Colorado demonstrate that this dust storm on April 3, 2001, was a natural
event covering a large geographic area that was not reasonably controllable or preventable.

Friction_velocity - Color-Filled Contour Plan View 2011-04-03 18B:00:007

Figure 38: 12km NAM friction velocities in meters/second at 11 AM MST April 3 (18Z April 3),

2011.
(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datasets)
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Friction_velocity - Color-Filled Contour Plon View 2011-04-04 00:00:00Z

Figure 39: 12km NAM friction velocities in meters/second at 5 PM MST April 3 (00Z April 4),

2011.
(data source: http://nomads.ncdc.noaa.gov/data.php?name=access#hires weather datasets)
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3.0 Evidence-Ambient Air Monitoring Data and Statistics

PM, concentrations that exceeded the level of the twenty-four-hour PM;o NAAQS were monitored
across a broad geographical area of Colorado on April 3, 2011. During this interval PM;, sample values
greater than 150 pg/m® were taken at multiple sites across southwestern Colorado. Samples in excess of
150 pg/m?® were recorded at Alamosa - Adams State College (Alamosa ASC, 298 pg/m®), Alamosa
Municipal (Alamosa Muni, 392 ug/m®), and Lamar Power Plant (Lamar, 169 pg/m®). Additionally,
exceptionally high samples (greater than the 90" percentile for the site) were recorded at the PM,
monitors at Lamar Municipal (108 ug/m?), Pagosa Springs (76 ug/m?), Pueblo (117 pg/m®), and Durango
(50 pg/m®). The PM, exceedances in Alamosa and Lamar on April 3, 2011, would not have occurred if
not for the following: (a) dry soil conditions over northeast Arizona, northwest New Mexico, southeast
Utah, and eastern Colorado with 30-day precipitation totals below the threshold identified as a
precondition for blowing dust in northeastern Arizona; (b) a surface low pressure system and vigorous
cold front that were associated with a strong upper-level trough that caused strong prefrontal surface
winds over the area of concern; and (c) friction velocities over regions of northeast Arizona, northwest
New Mexico, southeast Utah, and southern and eastern Colorado that were high enough to allow
entrainment of dust from natural sources with subsequent transport of the dust to southern Colorado in
strong winds. This weather system adversely affected the air quality in much of southeastern Colorado.

For maps of the Colorado PMyq monitoring sites and all valid PM;, concentrations on April 3, 2011, see
Figure 1. Section 2 provides the meteorological evidence for the spatial extent of this regional blowing
dust event.

The APCD reviewed PMy, monitoring data in southeastern Colorado in the path of the dust storm (see
Section 3.1). The PMy, concentrations at affected sites were compared using time series plots for a
number of days pre and post event. The time series graphs (shown in Figure 40, Figure 44, and Figure 48)
clearly show that the regional blowing dust storm adversely affected the air quality in Alamosa and Lamar
on April 3, 2011. PM,, samples the day before and the day after the event were typical of samples at each
affected site.
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3.1 Historical Fluctuations of PMyo Concentrations in Alamosa and Lamar

This evaluation of PMy, monitoring data for sites affected by the April 3, 2011, event was made using
valid samples from PM,, samplers in Alamosa and Lamar from 2006 through 2011. APCD has been
monitoring PMy, concentrations in these areas since 1985. Data in this analysis for sites affected by the
event are from January 2006 through the end of 2011, with one exception; monitoring began at Pueblo,
Fountain Magnate School in June 2009. The overall data summary for the affected sites is presented in
Table 15 (all data values are presented in pg/m®):

Table 15: April 3, 2011, Event Data Summary

Evaluation Alamosa  Alamosa Pagosa Durango Lamar Lamar Pueblo
ASC Muni Springs Power Muni

4/3/2011 295 372 76 50 169 108 117
Mean 22.3 28.6 22.6 20.6 27.2 20.8 18.7
Median 18 23.5 20 17 23 18 18
Mode 14 19 16 16 16 14 21

St. Dev. 25.2 28.4 17.5 19.8 20.1 13.3 10.7

Variance 633.1 807.7 304.5 392.7 403.3 175.6 114.2

Minimum 1 1 2 3 1 1 4

Maximum 473 635 349 320 367 176 117
Count 1904 1824 2075 698 2181 2105 270

As Table 15 demonstrates, the spatial scope of this event, addressed elsewhere in this document, was
broad and had an impact on PM;, concentrations at multiple sites covering an extensive geographical
area. Since this event will affect attainment status of Alamosa and Lamar only, these data sets will be
discussed in detail. A snapshot summary of data from all those sites affected by the event is presented in
Table 16, along with the approximate percentile value that data point represents for each site for their
unique historical data sets, for the month of the event (every sample in any April), and for the year of the
event. All percentile calculations presented in this section were made using the entire dataset, including
known high wind events. There is no difference between the two datasets (with and without high wind
events) in regards to percentile calculations. Percentile calculations for all sites affected by the event are
presented in Table 16. Only those sites for which samples concentrations were in excess of 150 ug/m®
will be discussed in detail.

Table 16: April 32011 Site Percentile (All Affected Sites)

Evaluation Alamosa Alamosa Pagosa Durango Lamar Lamar Pueblo
ASC Muni Springs Power Muni
4/3/2011 295 372 76 50 169 108 117

Overall 99.8% 99.9% 97.4% 92.4% 99.5% 99.6% Max
Value

All April  Max Value Max 95.8% 88.1% Max Max Value Max
Value Value Value

2011 99.7% 99.7% 99.4% 99.2% 99.7% 99.4% Max
Value
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Of those samples in excess of 150 ug/m® all three are the maximum value for any sample taken in April.
The samples at Alamosa ASC, Alamosa Muni and Lamar Power on April 3, 2011, exceeded the 99th%
value of any evaluation criteria. The overall magnitude and broad geographical extent of affected sites
suggests that there was a common contribution to each sample from other than local sources.

Those data sets for sites with samples for which exclusion is being requested are further summarized by
month. As with previous submittals these summaries the data presents no obvious ‘season’; PM;j levels at
any particular site in Colorado do not necessarily fluctuate by season. Of greater importance affecting
day-to-day, typical PMyq concentrations are local sources, e.g. road sanding and sweeping, local burning
from agriculture and residential heating, vehicle contributions via road dust, unpaved lots or roads, etc.
While the historic monthly mean values for the affected sites can be higher during the winter and spring
months there is little month-to-month variation. Additionally, some of the sites exhibit monthly medians
over these periods (winter and early spring) that are generally lower than other months of the year. This
time frame (winter and early spring) is that which is most likely to experience the regional meteorological
and dry soil conditions necessary for this type of event and are discussed elsewhere in this document.
Although the maximum values for these months (winter and early spring) are the highest in the data set
the ‘typical’ data (i.e. day-to-day, reflective of local conditions) are similar or lower than the same
‘typical’ data for the rest of the year. The summary data for the month of April (all samples in any April
from 2006-2011) and for 2011 for Alamosa ASC, Alamosa Muni, and Lamar Power are presented in
Table 17.

Table 17: April 3, 2011 PM,, Evaluation by Month and Year

Alamosa ASC Alamosa Muni Lamar Power

April 2011 April 2011 April 2011

Mean 21.7 25.5 36.4 37.9 29.0 27.5
Median 18 20 24 30 23 23
Mode 11 17 15 20 16 17

St. Dev. 38.6 31.6 45.2 44.1 23.5 20.3
Variance  1491.3 999.7  2047.2  1947.6 551.9 411.7

Minimum 1 5 3 7 4 5
Maximum 295 440 372 635 169 192
Count 166 327 160 303 178 365

Alamosa ASC - 080030001

The PM,, sample on April 3, 2011 at Alamosa ASC of 285 pg/m? is the largest sample recorded among
all April samples, exceeds the 99" percentile value for all 2011 data, and is greater than the 99™ percentile
value (97 ug/m®) for the entire dataset. Overall, this sample is the sixth largest sample in the entire data
set and the second largest sample in 2011. The five samples greater than the event sample are all
associated with high wind events. There are 2214 samples in this dataset. The sample of April 3, 2011,
clearly exceeds the typical samples for this site.

Figure 40 through Figure 43 graphically characterize the Alamosa ASC PMy, data. The first, Figure 40, is
a simple time series; every sample in this dataset (2006 — 2011) greater than 150 ug/m? is identified. Note
the overwhelming number of samples occupying the lower end of the graph; an interested reader can
count the number of samples greater than 100 pug/m?®. Of the 1904 samples in this data set less than 1% is
greater than 100 pg/m°.
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Figure 40: Alamosa Adams State College PM,, Time Series

Figure 41 is a simple histogram, demonstrating the overwhelming weight of samples on the low end of
the curve. This range of data can be considered typical, representing contributions from local sources.
Over 60% of the samples in this data set are less than 20 pug/m®. Even in the highly variable month of
winter and early spring over 90% of the samples are less than 50 pg/m?>. Clearly the sample of April 3,
2011, exceeds what is typical for this site.

Alamosa ASC PM,, Histogram
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Figure 41: Alamosa Adams State College PM,, Histogram



The monthly box-whisker plot shown in Figure 42 highlights the consistency of the majority of data from
month to month. Note the greater variability (wider inner-quartile range) and greater range of the data
through the winter and early spring months that’s accompanied by typically greater monthly maxima.
Recall, this time period experiences a greater number of days with meteorological conditions similar to
those experienced on April 3, 2011. Although these high values affect the variability and central tendency
(average) of the dataset they aren not representative of what is typical at the site.
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Figure 42: Alamosa Adams State College PM,, Box-Whisker Plot

Box-whisker plots graphically represent the overall distribution of each data set including the mean ( © ),

the inner quartile range (' IQR, defined to be the distance between the 75"% and 25"%), the median
(represented by the horizontal black line) and two types of outliers identifed in these plots: outliers greater
than 75th% +1.5*IQR ( ¥ )and outliers greater than 75th% + 3*IQR ( © ). The outliers that satisfy the
last criteria and are greater than 150 pg/m? are labeled with sample value and sample date. Each of these
outliers is associated with a known high-wind event similar to that of April 3, 2011.

The presence of the extreme values distorts the graph, losing definition and distorting information
presented across the range where the majority of data resides. The same plot graphed to 100 pg/m?®, which
includes almost 99% of all the data, is presented in Figure 43. This expanded plot demonstrates that
November is the month where contributions from local sources are the highest of the year; November is
the month with the highest median value, the broadest inter-quartile range and a monthly median value
only slightly less than the monthly average.
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Figure 43: Alamosa Adams State College PM;, Box-Whisker Plot, Reduced Scale

Note the degree to which the data in the months of winter and spring, including April, is skewed. The
April mean (27.7 pg/m?) is greater than the April 75" percentile value (25 pg/m?®). This is due to the
presence of a handful of extreme values and can create the perception that those months experiencing
these high wind events are somehow ‘dirtier’ than other months of the year. This data exposes that
perception as flawed as the typical data is similar to every other month of the year. The sample of April 3,
2011, clearly exceeds the typical data at this site.

Alamosa Municipal — 080030003

The PMy, sample on April 3, 2011, at Alamosa Muni of 372 pg/m? exceeds the 99" percentile value for
all evaluation criteria and is the largest sample recorded in any April. Overall, this sample is the third
largest sample in the entire data set and the second largest sample in 2011. The two samples greater than
the event sample are both associated with high wind events. There are 1823 samples in this dataset. The
sample of April 3, 2011, clearly exceeds the typical samples for this site.

Figure 44 through Figure 47 graphically characterize the Alamosa Muni PM,, data. The first is a simple
time series. The sample of April 3, 2011, is identified. Note the overwhelming number of samples
occupying the lower end of the graph; an interested reader can count the number of samples greater than
100 pg/m?. Of the 1823 samples in this data set less than 1% are greater than 80 pug/m®.
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Figure 44: Alamosa Municipal PM;, Time Series

Figure 45, is a simple histogram, demonstrating the overwhelming weight of samples on the low end of
the curve. Over 80% of the samples in this data set are less than 30 pg/m®. Even in the highly variable
months subject to similar conditions typified by this event over 90% of the samples are less than 40
ug/m®. Clearly, the sample on April 3, 2011, exceeds what is typical for this site.
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Figure 45: Alamosa Municipal PM,, Histogram

The monthly box-whisker plot in Figure 46 highlights the consistency of the majority of data from month
to month. Note the greater variability (wider inner-quartile range) and greater range of the data through
the winter and early spring months that’s accompanied by typically greater monthly maxima. Recall, this
time period experiences a greater number of days with meteorological conditions similar to those
experienced on April 3, 2011. Although these high values affect the variability and central tendency
(average) of the dataset they are not representative of what is typical at the site.
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Figure 46: Alamosa Municipal PM, Box-Whisker Plot
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The presence of the extreme values distorts the graph, losing definition and distorting information
presented across the range where the majority of data resides. The same plot graphed to 100 ug/m?®, which
includes almost 99% of all the data, is presented in Figure 47. As with Figure 43, this expanded plot
demonstrates that November is the month where contributions from local sources are the highest of the
year; November is the month with the highest median value, the broadest inter-quartile range and a
monthly median value only slightly less than the monthly average.
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Figure 47: Alamosa Municipal PM;, Box-Whisker Plot, Reduced Scale

Note the degree to which the data from the months of winter/spring, including April, is skewed. The April
mean (36.4 pg/m°) is slightly larger than the 75" percentile value (36 pg/m?®). This is due to the presence
of a handful of extreme values and can create the perception that those months experiencing these high
wind events are somehow ‘dirtier’ than other months of the year. This data exposes that perception as
flawed as the typical data is similar to every other month of the year. The sample of April 3, 2011, clearly
exceeds the typical data at this site.

Lamar Power - 080030001

The PMy, sample on April 3, 2011, at Lamar Power of 169 ug/m3, exceeds the 99" percentile value for
any evaluation criteria and is the maximum value of all April data. There are 2181 samples in this dataset.
The sample of April 3, 2011, clearly exceeds the typical samples for this site.

Figure 48 through Figure 51 graphically characterize the Lamar Power PMy, data. The first, Figure 48, is
a simple time series. The sample of April 3, 2011, has been identified. Note the overwhelming numbers of
samples occupying the lower end of the graph; of the 2181 samples in this data set less than 1% are
greater than 110 pg/m°.
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Figure 48: Lamar Power PM,, Time Series

Figure 49, is a simple histogram, demonstrating the overwhelming weight of samples on the low end of
the curve. Over 50% of the samples in this data set are less than 23 pg/m®. Even in the highly volatile

month of April, 95% of the samples are less than 50 pug/m®. Clearly the sample on April 3, 2011, exceeds
what is typical for this site.
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Figure 49: Lamar Power PM,, Histogram

The monthly box-whisker plot in Figure 50 highlights the consistency of the majority of data from month
to month. Note the greater variability (wider inner-quartile range) and greater range of the data through
the winter and early spring months that’s accompanied by typically greater monthly maxima. Recall, this
time period experiences a greater number of days with meteorological conditions similar to those
experienced on April 3, 2011. Although these high values affect the variability and central tendency of the
dataset they are not representative of what is typical at the site.
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Figure 50: Lamar Power PM,, Box-Whisker Plot
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As with the previous box-whisper plots the event sample is identified by concentration and date. Each of
the samples greater than 150 ug/m?® is associated with a known high-wind event similar to that of April 3,
2011. The presence of these extreme values distorts the graph, losing definition and distorting information
presented across the range where the majority of data resides. The same plot graphed to 100 ug/m?®, which
includes almost 99% of all the data, is presented in Figure 51.
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Figure 51: Lamar Power PM,, Box-Whisker Plot, Reduced Scale

3.2  Wind Speed Correlations

Wind speeds around the region (Southwest Colorado, Northeast Arizona, Northwest New Mexico)
increased early in the morning April 3 and stayed elevated through early morning of April 4, gusting to
speeds in excess of 50 mph. Figure 52 displays wind speed (mph) as a function of date from four widely
dispersed stations throughout the region. Every one of these stations, despite being in completely
disparate locations, exhibits nearly the same behavior in regards to the sustained high winds from April 3,
2011.
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Figure 52: Wind Speed (mph) Various Stations, 03/26/2011 — 04/11/2011

Figure 53 plots PM;, concentrations from the affected sites in Colorado for the period for seven days prior

to and following the samples of April 3, 2011.
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Figure 53: PMy, Concentrations, Affected Sites, 03/26/2011 — 04/11/2011

Figure 53 mimics the plots for wind speed, suggesting an association between the regional high winds and
PMy, concentrations at the affected sites. Although not every sample from April 3, 2011, is in excess of
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150 elevated pg/m®, the elevated concentrations are clearly associated with the elevated wind speeds.
Given the spatial dislocation of the sites (meteorological and PM) the relationship between the two data

sets would suggest that the regional high winds had an effect on PM;,samples across a broad spatial
region in Colorado.

3.3  Percentiles

Monthly percentile plots in Figure 54 demonstrate a high degree of association between monthly median
values and relatively high monthly percentile values, e.g. the r? value between the Alamosa ASC monthly
90" percentile value and the Alamosa ASC monthly median is 0.699. The same values for Alamosa Muni
and Pagosa Springs are 0.751 and 0.827, respectively. As the percentile value decreases (i.e. 85%, 75%,
etc) the correlation between those values and the median increases sharply. The monthly percentile plots
for each site are presented here (the black line is the 85" percentile):
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Lamar Power PM;, Monthly Percentile Plot
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Figure 54: Monthly PMy, Percentile Plots

It is certainly the case that monthly median values are indicative of typical, day to day concentrations.
Additionally, there is a range of samples that are a product of normal variation subject to typical, day to
day local effects. This range may be restricted to percentile values that are well correlated with the
median. For the data sets of concern (Alamosa ASC, Alamosa Muni, and Lamar Power) a conservative
estimate of the percentile value that is reflective of typical, day to day variation is the 75" percentile
value. Nearly all of the variation in the monthly 75™ percentile values of these three data sets can be
explained by the variation in monthly medians; for these three sites the correlation between the median
and monthly 75" percentile values vary from an r’ = 0.85 (Lamar Power) to an r? = 0.95 (Alamosa Muni).
A reasonable estimate of the contribution to the event from local sources for these data sets may be the
monthly 85" percentile values; for these three sites the correlation between the median and the monthly
85™ percentile values vary from an r’ = 0.78 (Lamar Power) to an r? = 0.88 (Alamosa Muni). The portion
of the sample concentration remaining from these monthly percentile values would be the sample
contribution due to the event.

Table 18 identifies various percentile values that are representative of the maximum contribution due to
local sources for each site from all April data. In Table 18 the range estimate in the ‘Est. PMy
Contribution’ column is derived using the difference between the actual sample value and the 85"
percentile as the minimum (reasonable) event contribution estimate and the difference between the actual
sample value and the 75™ percentile as the maximum (conservative) event contribution estimate. This
column represents the range of estimated contribution to the April 3, 2011, sample at the sites listed in the
table from the high wind event.
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Table 18: Estimated Maximum Event PM,, Contribution - Alamosa ASC, Alamosa Muni, Lamar
Power

Site Event Day April April April April Est. Conc.
Concentration Median Average 75th% 85th%  Above Typical
(ug/m®) (Mg/m®)  (ug/m®)  (ug/m’)  (ug/m’) (ug/m?®)
Alamosa ASC 298 18 27.7 25 37 261 - 273
Alamosa Muni 372 24 36.4 36 44 328 - 336
Lamar Power 169 23 29.0 33 39 130 - 136

Since the local anthropogenic sources are well controlled in Alamosa and Lamar and the sustained surface
wind speeds were well above 25 mph in the region of the dust storm, it follows that the dust was
transported into the region on April 3, 2011. The size, extent, and origination of the blowing dust storm
made the event not preventable and it could not be reasonably controlled. Statistical data clearly shows
that but for this high wind blowing dust event, Alamosa and Lamar would not have exceeded the 24-hour
NAAQS on April 3, 2011.

Clearly, there would have been no exceedance on April 3, 2011, but for the additional contribution to
the PMy, samples provided by the event.
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4.0 News and Credible Evidence

Blowing dust pictures for Alamosa on 4/3/2011

Cabinet/Exceptional Events x

Reddy - CDPHE, Patrick <patrick.reddy@state.co.us>

to Scott, me

Are attached. The time in UTC or "Z" is a part of each image file name. These are from the Airport.

Patrick J. Reddy
Senior Air Quality Meteorologist
Modeling, Meteorology, and Emissions Inventory Unit

Technical Services Program

Air Pollution Control Division

Colorado Department of Public Health and Environment
APCD-TS-BI

4300 Cherry Creek Drive South

Denver, CO 80246-1530

303-692-3239| patrick.reddy@state.co.us

Jul 19

Reply
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Great Sand Dunes National Park Visit

April 4, 2011 By Kristen Belschner 1 Comment

Last week the Sandhill Cranes migration brought Walking
Mountains outdoor enthusiasts to the San Luis Valley near Alamosa, Colorado. On this trip we witnessed several amazing
feats of nature. One of these was the dunes at Great Sand Dunes National Park. Rising up to 750 feet above the valley

floor, the sight of the dunes tucked up against the Sangre de Cristos is almost surreal.

Although there is no clear date researchers believe the dunes could be up to 440,000 years old. They are unique in that
they’ve changed very little in at least the last 130 years (for which we have photographic comparisons). Geologists believe
that the valley was once covered by a lake many thousands of years ago. The lakes eventually receded with climate
changes leaving a significant sand sheet on the valley floor. Over time, predominant southwest winds moved the sand up
against a low curve in the Sangre de Cristo Range. Storm winds blow the opposite direction creating the vertical nature of
these dunes (the highest in the US). These opposing wind directions balance each other out over time. The main dune field
is moist beneath the thin layer of dry surface sand which also lends to the stability of this system. In windstorms, the top few
inches of sand blows around, and the moist sand remains largely in place.

The day we visited the dunes the winds were blowing up to 35 mph. We persevered and set out for a tour with Ranger
Libbie against all odds. Although sandblasted and wind whipped, we thoroughly enjoyed our foray onto the dunes. Libbie’s
backpack seemed to be a never-ending void filled with educational exhibits and tools. Harard Peak provided a beautiful
backdrop as we learned about local vegetation, animal life, geology and more. The geology was particularly interesting — we
saw samples of fulgarite which are the resulting formations from lighting hitting the sand, a demonstration about magnetite —
the magnetic bits of iron oxide in black sand, and we learned about epidote — the beautiful green colored local rocks found
throughout the park. Libbie even packed in samples of insects that live on the dunes and a kangaroo rat which had seen
some better days. We also witnessed remnants of a large wildfire that ravaged parts of the park a few years prior. Caked
ash remains part of the seasonally dry riverbed in Medano Creek.
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We trekked out and back a few miles and then headed on to the park’s visitor center. All in all it was a fantastic day and a
super learning experience. If you’ve never visited this area of Colorado, consider taking a trip. It’s only 3-4 hours
from Denver and well worth the spectacular sights.

Click on the photos below and then once again from the resulting page to see larger versions.

http://vailnaturenews.com/2011/04/04/great-sand-dunes-national-park-visit/
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